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"The Time may not be very remote when 
it will be understood that for complete 
initiation as an efficient citizen of 
one of the new great complex world wide 
states that are now developing, it is as 
necessary to be able to compute, to think 
in averages and maxima and minima, as it is 
now to be able to read and to write." 

— H. a. Wells, 

Mankind in the Making . 
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PREFACE 



The success of statistical techniques in improving the 
quality of manufactured goods has led to the adoption of these 
techniques into non-manufacturing fields. Today these highly 
developed mathematical techniques are providing case histories 
of successes in overcoming problems concerned with the 
improvement of goods, services, and performance through better 
control methods, and through analysis of data in decision 
making. Statistics is commonplace in the fields of stock 
market, advertising, sales surveys, and accounting. The statis- 
tical methods based on the law of probability, which were 
successful in controlling war-production quality, are now being 
applied to service, staff, and administrative activities. 

Although there are many favorable reports and case 
histories to substantiate the value of the application of 
statistical technique to decision making there are many who 
do not accent these methods. Statistics are "dry" and there is 
mystery in figures and formula. There are many who distrust 
figure people. Statistics is a scare word and hence must be 
sold to be accepted. 

It is the purpose of this paper to provide, in as far 
as is possible in dealing with a subject of this sort, a 
nontechnical discussion of these statistical techniques. It 
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Is not the purpose here to do more than merely scratch the 
surface of statistical theory to provide only what is necessary 
to demonstrate the application of statistical m-ethod in solving 
rather routine problems. It is not necessary to become a 
skilled mathematician, the technical phases of statistical 
method can be delegated to the technicians — if it is clearly 
understood at the management level what the objectives are 
and if proper support is given the staff. Although the 
comptroller need not know detailed technical applications, 
he should be Interested and have developed some feel and 
appreciation for such methods. The use of statistical and 
mathematical method is in reality a front-office tool and the 
higher one ascends within the management structure the more 
Important it becomes as a management technique of analysis 
and control. 
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CHAPTER I 



STATISTICS AND THE COMPTROLLER 
Introduction 

Statistics is the offspring of a varied ancestry. As 
a result of greed the ancient kings enumerated their people 
for the purpose of taxation; the panic of an English Sovereign 
during the London plague; the cupidity of professional gamb- 
lers; the scientific ardor of the psycho-physicists; the labors 
of mathematicians and astronomers and physicists; students of 
social phenomena, biologists, and educators planning a new 
science of education; from these statistics has descended.^ 

Today the field of statistics has many followers, yet 
there are many more who feel that any one who deals with 
numbers, and hence statistics, cannot be trusted. Even though 
there is a strong negative view toward the concepts of statis- 
tics, it has nevertheless become firmly established as an 
indispensable tool of the comptroller and scientific manage- 
ment. 

Statistics has become a basic tool of decision making 
and is a basis for many important management functions such as 
market and scientific research, budgeting and forecasting, 

^Helen M. Walker, Studies in the History of Statistical 
Method (2d printing; Baltimore, Md. : The V/illiams and 

Wilkins Company, January 1931) » P» 1, 
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purchasing, production planning, quality control, engineering, 
etc. Of these broad applications the military comptroller is 
vitally interested in reliable methods and techniques for 
budget prediction and forecasting. 

Many in the field of comptrollershlp do not understand 
how this vital tool can be used to their advantage; there is 
inadequate understanding of this powerful tool even among many 
persons engaged in the fields where statistics has its greatest 
application. 

One might ask why this new technique of scientific 
management is not better understood and accepted. Some educa- 
tors give as the paramount reason the fact that statistics was 
a rare course in our colleges during the college years of most 
of our key executives today. And even today one can still find 
many schools of business administration of some of our leading 
colleges that do not have an adequate statistical curriculum. 

V.Tiat Is Statistics and Why the Growlnp: Interest ? 

Most educators will define statistics as that branch 
of applied mathematics which deals with the collection, tabu- 
lation, presenting, analyzing, and interpreting quantitative 
data. 



There are many reasons for the growing interest in 
the analysis of quantitative data. One is that the 
tools of analysis have become sharper as refinements 
have been made in statistical techniques. But the 
principal reasons for the Increasing use of these 
methods are to be found in certain basic changes 
which have taken place in the American economy. 

First, there has been a rapid transition from the 
day of small local enterprise to an era of centralized 
large-scale production. As the size of the business 
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unit has Increased, the Importance of executive 
decisions has Increased. Today, great corporations 
exceed in wealth the sovereign states which created 
them. Never before have business executives controlled 
so much wealth, nor have so many persons been dependent 
on a single enterprise, and never before have mistakes 
been so costly In terms of money and human suffering. 

The responsibilities of the modern executive have 
grown with the scale of his operations, but his ability, 
as an Individual, to reach proper decisions has not 
kept pace. A. C. Nielsen, of the A. C. Nielsen Company 
of Chicago, Is a marketing expert who employs quantitative 
data In analyzing problems of marketing for some of 
America's largest corporations. /Always, before submitting 
an analysis of a particular problem to the executive who 
has ordered It, he asks the executive what he considers 
the answer to be. He has kept a record of the replies. 
According to Mr. Nielsen the executives have been vrrong 
42 per cent of the time. 

Lacking objective statistical studies to guide them, 
the executives would have made almost as many wrong as 
right decisions, 

A second development in the American economy which 
has stimulated the use of quantitative data Is the great 
variation which has appeared in economic activity as 
cyclical prosperities and depressions have followed one 
another in rapid sequence. One effect of the apparently 
increasing instability of the economy has been to create 
an urgent need in the fields of business and government 
for a type of analysis of economic conditions which may 
enable the executive to see a short distance into the 
future, to detect the shape of things to come shortly, 
at least, before they arrive with the devastating force 
of depression or the buoyant effect of prosperity.^ 

There has been a growing use of statistics In govern- 
ment as well as In business. As the government continued to 
grow In size and to assume many functions statistical tech- 
niques were Increasingly emphasized. The complexities of 
planning for the economy as a whole, the obligations assumed 
by the various federal bureaus In administering the affairs of 
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industry and agriculture, and providing for the national 
security means that decisions made by government officials are 
of great importance in terms of money and human welfare. In 
this area it is obvious, mistakes can be most serious, and 
decisions based on personal direct observation are unlikely. 

The duties and responsibilities of the comptroller of 

the Navy stem directly from those specified in Title IV of the 

National Security Act Amendments of 1949. Title IV states 

among other things that the comptroller shall: 

Establish and supervise principles, policies, and 
procedures of organizational and administrative 
matters relating to the preparation of cost budgets, 
fiscal operation, capital property, accounting, and 
progress and statistical reportinFc . (italics raine.)-^ 

The Secretary of the Navy in setting forth the basic 
concepts of comptrollershlp in the Navy emphasized the statis- 
tical function by requiring the comptroller to be responsible 
for "developing guides and criteria for the collection and 
coordination of statistical data and preparing special statis - 
tics as required ." (italics mine.)^ 

The Controllers Institute 'fs Committee on Ethics and 
Eligibility Standards emphasizes statistics as a Comptroller- 
ship function and states among other things that the controller 
is responsible for the compilation of statistical records as 
required. 

■^U. S., Congress, National Security Act Amendments of 
1949 . Public Law 216, 81st Congress, 1st session, 1949, 

Title IV. 

^U. S., Department of the Navy, Secretary of the Navy 
Instruction 5400.4 . November 18, 1953, p."TI 
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At this point it might be well to emphasize this point 
that it is not the purpose of this paper to Imply that the 
comptroller be a trained and accomplished statistician. The 
comptroller needs to make decisions rapidly, based upon timely 
and accurate data. It is only through the modern methods of 
statistics and applied mathematics that such a desire for data 
collection can be realized; thus it becomes important that the 
military comptroller while essentially a generalist and not a 
specialist, at least among line officers, become thoroughly 
familiar with the capabilities and relationships of statistic- 
ians and statistics in the broad field of management. 

Management is concerned with what must be done, thus 
it becomes necessary for the manager to make some sort of fore- 
cast of what events are likely to happen. Often this is 
accomplished by using past experience as a guide, or his 
intuition but, although these can at times be good guides, they 
can also be disastrous mistakes which could have been avoided 
were more accurate and timely data available and effectively 
used. 

To be effective management needs to know such things 
as the relationship existing between one set of events and 
another, and the trends established by these events, and causes 
of these events in order to add a degree of reliability to its 
forecasts. Usually no invariable relationships of cause and 
effect can be found in the past or predicted of the future and 
so the manager has to deal in the realm of probabilities. This 
he is by training used to doing as a result of mostly dealing 
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with human relationships and individual persons, whose 
individual actions cannot be predicted with any degree of 
certainty. 

There are still those in the field of management, 
however, who are afraid of figures. They feel that they can 
see and hear what is going on and do not need figures to tell 
them. But it la impossible to be everywhere at the same time 
and reliance must be placed, on occasion, on the observation 
and judgment of others — within these observations is necessari- 
ly the element of measurement and measurement cannot be possible 
without the use of numbers. 

The techniques of drawing conclusions from numbers is 
where misunderstanding and harm are done. Intuition can pro- 
vide for better conclusions than those of the roan who loves 
figures, but does not have the special knowledge of how to deal 
with them, and works out percentages and averages and then 
draws unjustifiable conclusions from them.^ 

It is still too little realized that there exists 
a technique of dealing with figures in such a way as 
to find out with a very high degree of probability 
what sort of conclusions, if any, can validly be 
drawn from certain sets of figures with what degree 
of accuracy they can be drawn and to present those 
conclusions in a simple form. In this way not only 
is it possible to avoid drawing wholly unwarranted 
conclusions, but also at time to make some sense of 
a set of figures vrhlch at first sight may appear to 
tell nothing.^ 



g 

The Report of a Committee, for Submission to the 
Twenty-Fifth Anniversary Conference of Manap^ement Research 
Groups at Buxton. 1-4 June, 1951 (London; Management Research 
Groups , Manfleid House), p. 6. 

^Ibid . 
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These techniques of dealing with figures is the 
service that the trained statistician specializing in mathe- 
matical analysis can give to the comptroller or manager, and 
in subsequent chapters of this paper examples of these 
techniques will be presented. 

The basis of all statistics is counting or measurement 
and the statistician specializes in m,ethods of counting 
or measurement, whether by so-called 'complete counts,^ 
or censuses, or by counts or measurements of a sample of 
the v;hole, from which the totality can be estimated. To 
this end he uses a special set of applied mathematical 
techniques based on the theory of probability. 

Statistical studies are of two classes, envimerative 
and analytical. Enuroerative study determines how many 
of some classes of things exist at a particular time, 
but is not concerned with why they exist. An analytical 
study investigates patterns and variations either in one 
series of events over a period of time, or between differ- 
ent groups of things. It may or may not be possible as 
a result to make some assessment of causes, but if the 
results of the study are at all positive then some 
causal relationship is assumed to exist. The routine 
calculation of enuraeratlve data often forms the basis 
for analytical studies.' 

It is Important at this point that the statistician 
and the accountant not be confused — that a distinction be made 
between the two arts. In accounting the individual account or 
entry is of chief concern. It must be accurate and reliable 
and subject to audit. In statistics it is not necessary to 
have accounting accuracy for each individual item, but rather 
estimates based on sampling is the order of the day. Mathe- 
matical accuracy is still required in statistical work and it 
is not Intended to imply otherwise, however, some sacrifice 
of reliability can be made of the complete count for a 
sampling study expertly done. 



*^Ibid. 
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The unit loses its identity in a statistical meas\ire 
such as an average or a total. It is the measure or total 
and the picture portrayed by these measures from which deci- 
sions are based and not from each individual unit. The 
statistician may say that a certain fact exists within a 
specified range such as the Inventory of a specific item is 
not more than IO50 items, for example, nor less than 950 items. 
The accountant would be required to produce a complete count 
capable of audit. 

Conclusion 

In conclusion it is well at this point to summarize 
this discussion and to point out some valid reasons why the 
comptroller and management should acquire statistical know- 
ledge, and the relationship between management, the comptroller 
and the statistician. 

I think it is generally understood that the comptroller 
is to operate in a staff capacity, however, he may recommend 
to management, but he does not make managements decisions. 
Management looks upon the comptroller as a continuing source of 
ideas and advice on managerial problems. The comptroller must 
have had broad experience with operating programs and problems 
and general management responsibilities. He should have a keen 
analytical ability and be capable of making discriminating 
judgments. 

Since statistical methods are capable of application 
to all of the activities of an organization, and are a service 
function it is fitting then that this function should come 
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under control of the comptroller or financial director, and 
this it does in most cases. 

There are many valid reasons for management to under- 
stand statistics. Such an understanding of course would 
promote a wider use of statistical data in management since 
problems where statistics can be profitable would be quickly 
recognized. 

Communication with the professional statistician 
would be Improved by a better understanding of the art by 
management. Albert Einstein once said, "The formulation of 
the problem is often more essential than the solution." With 
a statistical background management can understand the problems 
Involved in fact-finding and thus can avoid misunderstanding 
in research projects conducted in the organization and assure 
effective use of the complied data. 

Management must understand that the science of 
statistics is not infallible and that there is risk involved 
in decision making based on statistical conclusions. Most 
statistical decisions are based on samples and this Involves 
risk. A statistical minded management should understand the 
"risk" involved and the "confidence" in statistical decision 
making. 

Of course a better understanding of statistical 
methods serves to emphasize that good effective statistical 
studies require a trained staff of professional statisticians. 
This will yield valid results with a minimum of cost. 
Statistical functions cannot be assigned to the budget analyst, 
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clerk or bookkeeper In the office or the foreman or 
technician in the plant. 

And finally management will become a more confident 
administrator and enjoy peace of mind, insofar as administra- 
tive matters are concerned, by knowing the basic elements of 
statistics . 

More important he will make less mistakes and will 
be better able to control the mistakes of others in his 
organization. 
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CHAPTER II 



HISTORY OF STATISTICAL METHOD 
The Normal Curve 



Orlffln In the Theory of Probability 

The history and development of statistical method Is 
a colorful and Interesting study. The statistical methods of 
today are based on the science of probability. The early 
scientists and mathematicians were aware that certain natural 
activities occur in conformity. The early observations of 
Aristotle and astronomers in establishing fundamental physical 
laws of the universe, regimented certain observations in the 
field of science. The ability to predict happenings and 
behavior on the basis of new found laws provided the author- 
itative position of charlatans, mystics, magicians and gamblers. 
Of course at this stage of development it was impossible to 
predict the behavior of certain factors which were caused by 
chance alone, however, this did not discourage or weaken the 
position of these early philosophers and scientists. The real 
beginning of the science of probability did not occur xantil 
the early part of the l?th century.^ The exact date for the 

^Robert Kirk Mueller, Effective Manap;ement Through 
Probability Controls (New York: Funk and WagnalisV 1950) , 

p. 62. 
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discovery of the normal curve (fig. 1 ch. Ill) which had its 
beginning and discovery from the theory of probability was 
November 12, 1733 • 

There were some faint traces, of no more than six or 
eight problems, that intimated the idea of probability before 
the year 1600. These traces appeared in the Orient. One 
example occurred when the Chinese writer Yuan Yuan criticized 
a still older v/riter, Sun-Tze for the following reason: 

"Many unnecessary details appear in his works on mathematics, 
such as a certain absurd problem, which surely cannot be 
attributed to him, on the probability that an expected child 
will turn out to be a boy or to be a girl."^ 

In Europe the really first references to the theory of 
probability is a statement in a commentary (Venice, 1477) on 
Dante's Divine Comedy concerning the different throws which 
can be made with three dice. The first writer to discuss a 
problem concerning gambling in a mathematical paper was Luca 
Pacloli in his Suma (1494). In this paper he gave the first 
version of the problem concerning the equitable division of the 
stakes between two players of unequal skill when the game is 
interrupted before its conclusion. This problem was repeated 
and amplified in all the works on probability for two hundred 
years. Astronomers played a conspicuous role in developing the 
mathematical theory of probability two centuries later — it is 
worthy of note that both Kepler and Galileo made brief 

%elen M. Walker, Studies in the History of Statistical 
Method (Baltimore, Md.; The Williams and Wilkins Company, 
January 1931 )» p. 1» ff. 
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reference to the subject of chance. 

Tlie first real scientific works on probability began 
in the 17th century. The foundations were laid by the two 
most distinguished mathematicians of that time, Blaise Pascal 
and Pierre de Fermat. The theory developed when the Chevalier 
de M4rl, a gambler having unusual ability, even for mathematics, 
proposed certain questions to Pascal. Among these questions 
was the celebrated "Problem of Points" concerning the division 
of stakes between two players who separate without completing 
their game. Pascal and Fermat exchanged numerous letters on 
this subject during the year 165^, and in the course of this 
correspondence they generalized the problem more and more until 
at its close, that which had first been a source of perplexity 
to a gambler had been elevated to an important mathematical 
concept. 

Within the next few years several problems relative to 
the outcome of games of chance were proposed and solved in the 
journals of various learned societies by Jacques Bernaulli, 
Montmort, De Moivre, Arbuthnot, Francis Roberts and others. 

The Discovery of the Normal Curve 

The normal curved was discovered by Abraham De Moivre 
(1667-1754) as a result of his intensive study to his work and 



The Normal Curve: A symmetrical bell shaped-curve 

possessing certain statistical characteristics. See 
discussion Chapter III. 
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his applications of the binomial theorem^ led him to discover 
a formula for the ratio between the middle term and the Siam of 
all the terms of (1+1 Many of the recent treatises on 
probability and sampling approach the matter by a method 
similar to De Molvre*s use of the binomial expansion.^ 

This formula was first published November 12, 1733. 

In 1730 , De Molvre Introduced his Miscellanea Analytics and 
three years later he presented privately to a few friends a 
short seven page paper entitled Aoproxlmatls ad Summan Termln - 
orum Blnomle a-»b^ In Serlem Expans 1 » In this obscure treatise 
on abstract mathematics, written In Latin, two centuries ago, 
and believed by De Molvre to have no practical implications 
outside the realm of games of chance, we have the first formu- 
lation of the concept of the law of errors. He did not 
realize that there would come a time when this theorem would 
powerfully affect the thinking of the world on all Its social 
problems, shape the policy of educators In the schools, and 
aid In thousands of investigations in science whose very names 
were then unknown. 

Later De Molvre announced the formula for the curve of 
error, and connected his theory of probability with theology, 

4 

Binomial Theorem: The theorem by means of which a 

binomial may be raised to any power without performing the 
multiplications. A binomial Is an expression consisting of 
two terms connected by a plus or a minus sign. A binomial 
distribution is a distribution where there are only two 
alternatives. For example In sampling light bulbs, they are 
either good or bad. 

5 

Binomial Expansion: Raising the binomial to a given 

power. 
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urging that this tendency of events to conform to law argues 
a Great First Cause. 

And thus In all cases It will be found, that althoxigh 
chance produces Irregularities, still the odds will be 
Infinitely great, that In the process of time, those 
Irregularities will bear no proportion to the recurrency 
of that order which naturally results from Original 
Design. . . . Again, as It Is thus demonstrable that 
there are. In the constitution of things, certain laws 
according to which events happen. It Is no less evident 
from observation, that these laws serve to wise, useful 
and beneflclent purposes, to preserve the stedfast 
Order of the Universe, to propagate the several Species 
of Beings, and furnish to the sentient kind such degrees 
of happiness as are suited to their state, ° 

In these later writings, De Molvre Is eager to free 
the subject of probability from Its connection with gambling, 
and establish a theological doctrine of a divine order working 
through hximan affairs and exhibiting Itself In the regularity 
of statistical ratios. 

One of the first attempts to reduce the theory of 
probability to rules of thumb which might be followed by per- 
sons having no command of mathematics beyond simple arithmetic 
was made by Augustus De Morgan (1806-1871) In An Essay on 
Probabilities and on Their Application to Life Contingencies 
and Insurance Offices . De Morgan was brilliant and somewhat 
erratic; he wrote on a wide range of mathematical topics. He 
was the greatest English authority of his day on the theory 
of probability. He stated In his Essay on Probabilities that 
heretofore the work In probabilities has been possible only to 
the expert mathematician, but that 
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those who already admit that the theory of probahllities 
is a desirable study, must of course allow that persons 
who cannot pay much attention to mathematics, are 
benefited by the possession of rules which will enable 
them to obtain at least the results of complicated 
problems, and which will therefore, permit them to 
extend their inquiries further than a few simple cases 
connected with gambling. 

His book was really a handbook, full of practical advice and 
sufficient practical rules for the treatment of a set of 
observations. He advised against unwarranted conclusions from 
a situation. 

Later De Morgan wrote other essays on the Theory of 
Probability and in these he discussed the theory of least 
squares,"^ the application of the calculus of definite 
integrals, and some complicated problems in probability. One 
portion of his essay is of particular Interest because it 
indicates the direction and thinking of scientific men of that 
day. This particular section discusses the probabilities of 
testimony, of miracles, of moral questions, of decisions of a 
Jury. He went so far as to suggest that an Investigation into 
the validity of the English practice of requiring a unanimous 
decision from a Jury might be made by studying five hundred 
trials in which the Jury have delivered their verdict at once 
to see if they show a smaller percentage of error than five 



7 

Mathematically computed lines may be passed through 
the data, or scatter points, figures 2, 3, A, 5, chapter III 
which are called regression lines, or lines of average relation- 
ship, because they reveal the typical change in the dependent 
variable Y which has, in the past, accompanied a given change 
in the variable plotted on the X axis. This average relation- 
ship may be determined mathematically by the method of 
least squares . 
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hundred trials In which the Jury deliberated for two hours or 
more. Other writers later attempted to assign numerical 
values to the probabilities of the accuracy and sincerity of 
witnesses, and by elaborate mathematical processes attempted 
to reach numerical measures of the probability that a given 
defendant is guilty or innocent. 

Moments 

Professor Karl Pearson is generally regarded as having 
accomplished the most significant work in the development of 
moments. The analogy between the statistical function obtained 
by taking the sujd of the nth powers of the deviations in any 
given distribution, and the mechanical concept of a moment, 
had been noticed by other writers before Pearson, but none of 
them had perceived in that function the powerful tool which 

O 

he developed. 

Pearson studied extensively the effect of sampling 
upon the moments of a frequency distribution. Pearson and his 
associates set down the general method by which the sampling 
error of any moment might be studied. Among the formulas 
derived were for the standard deviation,^ the standard deviation 
of a coefficient of correlation,^® the correlation between 

^Ibid . . p. 76, ff. 

9 

Standard deviation — the most reliable measure of 
variation. Often referred to as the root-mean- square. 

10 

Correlation coefficient — an index measuring the extent 
of relationship between two variables. It ranges from -1 
(a perfect negative relationship) to 1 (a perfect positive 
relationship) . 
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Bampling errors in the standard deviations of two correlated 
traits, and the correlation between sampling errors in a 
coefficient of correlation and in a standard deviation. The 
moments are used in curve fitting and from the moments are 
derived the parameters'^ in the Pearson system of curves. 

Percentiles 

The discovery of the Importance of the median as a 
measure of central tendency was made about seventy five years 
ago. There were, hovrever, some earlier writers who had 

conceived this measure but who did not place great emphasis 

1 P 

upon it. 

In 1816 Gauss suggested a simple method of computing 
the probable error. He said "let all the errors be arranged 
in order of size without regard to sign, and take the middle 
one if the number is odd, or the mean of the two middlemost if 
the niimber is even." This value, which he called merely M, 
is thus the median of the absolute value of the errors, and 
similar to, though not necessarily identical with Galton's 
quartlle deviation. 

Encke, Quetelet, Fechner, and Gal ton made similar 
studies. Sir Francis Galton’s, (1822-1911), first statistical 
work was a study of Hereditary Genius (1869) which led him to 
feel the need for a satisfactory method of reporting differences 
in achievement and Intellectual ability. The following are 

^^Parameter— a characteristic in a population. For 
example, the true proportion of defectives in a lot of 
50,000 light bulbs. 

^ ^Ibid . . p. 83, ff. 



